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Abstract —A necessary requirement for a reliable seismic 
depth imaging is to have an accurate estimation of the earth 
velocity model. Seismic depth imaging fundamentally 
consists of computation of two way travel time and 
downward extrapolation of the observed wave field through 
a suitable algorithm. The Prestack velocity analysis and 
model building tools need to be combined to obtain an 
accurate velocity model. The methodology involves interval 
velocity building using coherency inversion and picking of 
residual moveout to get the updated velocity model. The 
Prestack depth migration (PSDM) is then performed with 
this refined velocity model. The results from the Prestack 
time migration (PSTM) and PSDM using 3D synthetic 
seismic data are discussed. 
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Seismic depth Imaging is a vital and well-used 
technique in the analysis of sediments and rock layers. It 
therefore has important applications in the exploration 
and mining industries. Seismic depth imaging through 
Prestack depth migration has significantly improved the 
imaging of subsurface structures by minimizing the 
structural uncertainties[1][5]. Prestack depth migration is 
one of the most accurate seismic imaging tools developed 
to model the areas of complex geological situations. The 
method has the ability to focus and position reflectors in 
geological regions with strong lateral velocity variations. 
Therefore, the estimation of an accurate velocity model 
is the key to a successful subsurface imaging, since only 
a reliable velocity model can allow migration algorithms 
to account properly for the seismic wave propagation and 
ray path bending in the depth domain. Time migration 
accumulates energies along the diffraction surface and 
positions the summed energy at the apex of the 
diffraction surface [6][8]. Depth migration, on the 
contrary accurately accumulates the energies along the 
hyperbolic surface as described by ray tracing using 
interval velocities, and positions the summed energy at 
the proper location. Therefore it is very important to 
estimate the interval velocity model in depth, which 
governs the ray tracing exercise, with enough accuracy. 
The improved images of the subsurface have implications 
for better reservoir characterization [2]. 
 
II. THE DATA SET 
The synthetic seismic data set used here has been 
made available by Society of Exploration Geophysicists 
(SEG) [11]. The synthetic seismic data (seismic response 
of some simple geological structures) have been 
produced using a modeling technique [12]. 
The study data consists of a Prestack line (Inline 401) 
from a 3D synthetic seismic data set. The data contain 
2392 shot points with 544 traces per shot recorded over 
8ms; an offset range from 40m to 2695m; and 25m shot 
with 12.5m receiver spacing.  
 
III. THE METHODOLOGY 
The synthetic seismic data is processed by applying 
standard processing procedures like geometry merging, 
data conditioning, noise attenuation, low-cut filtering, 
muting, spherical divergence correction, deconvolution, 
offset regulation and velocity analysis. The processed 
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data is then prepared for coherency inversion to estimate 
the Depth-Interval velocity model which serves as an 
essential ingredient to depth migration. The detailed steps 
involved in the Prestack depth migration methodology 
are given in Fig.1. 
The interval velocity analysis through coherency 
inversion is a model-based approach designed to estimate 
interval velocities directly using ray tracing [6][7]. The 
model-based interval velocity method is a layer stripping 
approach [10], where the interval velocity is estimated 
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Fig.1. The flow chart of the Prestack depth migration methodology [6]. 
 
A. Coherency Inversion 
This is one of the horizon based interval velocity 
estimation method, in which the laterally varying interval 
velocities can be obtained in a data driven manner. This 
approach involves Prestack Common-Mid-Point (CMP) 
gathers as the guiding data [1]. The un-migrated time 
model is required as input. Starting with the uppermost 
layer, for a range of trial velocities, the initial time from 
the time model is locally converted to depth using normal 
incidence ray migration [6][8]. 
Travel times are computed through normal incidence 
ray tracing for the depth model for a range of offsets 
[6][7][8]. The computed travel times are overlain on the 
CMP gather and the semblance is estimated. The process 
is repeated for a certain range of interval velocities with 
appropriate increment. 
The trial velocity yielding peak coherence is identified 
as the interval velocity of the CMP under analysis (Fig. 2) 
[6][8]. Such analysis for several CMP gathers along the 
current layer yields interval velocity profile. The time 
model of the active layer is then converted to depth 
through normal incidence ray migration using the 
estimated interval velocity. The method is repeated for all 
subsequent layers until all layers in the model is 
exhausted. The end product is the depth interval velocity 
section for all the layers, which is now used as the initial 
interval velocity model for the Prestack depth migration 
[6][7]. 
 
Fig.2. The principle of Coherency Inversion [1][6][8]. 
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Pick residual depth move outs 
Interval velocity – depth refinement through 
tomography 
Create a time model by picking time horizons on the 
time section or demigrate the time model 
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A. Velocity Model Building 
To estimate interval velocities through coherency 
inversion, a model in a thick layer sense is required [4][6]. 
The boundaries are to be picked up in such a way that they 
are coincident with major acoustic impedance contrast 
boundaries i.e. velocity boundaries need to be picked [6]. 
This is due to the fact that the kick in the seismic trace 
results from the wave propagation through the layer. The 
signal to noise ratio plays major role in the estimation of 
interval velocity with confidence. Initial RMS velocities 
were calculated from the stacking velocities using Dix 
conversion (Fig.3).  
 
Fig.3. Initial RMS Velocity section 
A total of 4 horizons were picked as shown in 
Fig.4.Using the RMS velocities picked on time migrated 
gathers in horizon consistent manner an RMS velocity 
section was created (Fig.5). This RMS velocity section 
was used to de-migrate the horizons to un-migrated time 
domain.  
 
Fig.4. The horizon picks on the time migrated section. 
 
Fig.5. Horizon consistent RMS velocity section with PSTM stack. 
The interval velocity analysis through coherency 
inversion is estimated from interval velocities following 
the ray tracing as shown in Fig. 6. It was observed that the 
gathers were almost flat at all locations (Fig. 6). The 
interval velocity section in depth obtained through 
coherency inversion is shown in Fig.7. 
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Fig.6. Estimation of Interval velocities through coherency inversion. 
 
 
Fig.7. Interval Velocity model obtained from the Coherency Inversion 
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B. Prestack Depth Migration 
Migration is a process which removes the effects of 
wave propagation from seismic data. Seismic data is 
generated by waves propagating through a subsurface. 
The image that is obtained in this process is a distorted 
image that does not correctly reflect the true geometry of 
the subsurface structure. While a horizontal reflector in 
depth will appear as a horizontal reflector on the time 
section, a dipping reflector is always incorrectly 
positioned on the seismic section. It is the task of 
migration to correct this mis-positioning by collapsing 
diffractions. These are illustrated in Figs.8 and 9. Normal 
Move out (NMO) stack section has been prepared using 
stacking velocity by applying non- zero offset correction 
between sources and receivers (Fig.8). 
Prestack and Poststack : Migration operating on the 
prestack data (gathers) is prestack migration and 
migration on the stacked section is poststack migration.  
Poststack migration fails for complex subsurface 
sections, where prestack migration proves its worth. 
Time and depth migration: The difference between 
these two types of migration is in their ability to handle 
complex subsurface structure. Depth migration can detect 
and process the lateral velocity variation more easily and 
accurately then time migration. 
Kirchhoff Prestack Migration is applied on prestack 
data to correct mis-positioning of the reflected events. It 
is defined as summation of all energy distributed along the 
diffraction curve and collapsing the energy at one point 
located on the apex of the diffraction hyperbola.It also 
improves the temporal resolution.  
The interval velocity section in depth obtained from 
coherency inversion (Fig.7) is used for performing 
Prestack depth migration. Prestack time migration 
(PSTM) is performed using horizon consistent R.M.S 
velocity. As per the comparison between PSTM stack and 
PSDM stack (Fig.9), we can see improved subsurface 
reflectors in PSDM stack, which are important for 
structural and stratigraphic interpretation. Depth Slice (at 
1600m) comparison between PSTM and PSDM 
illustrated in Fig.10. 
 
 
Fig.8.The Normal Move Out Stack (Un-migrated Stack) 
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Fig.10. Depth Slice (at 1600m) Comparison between Prestack Time 





The study demonstrates that the Prestack depth 
migration based on iterative velocity model building can 
produce improved subsurface image and continuity of 
events in tectonically complex structures like salt domes. 
The improved and enhanced images produced from 
PSDM compared to those obtained from PSTM indicate 
that PSDM should be preferred over the conventional 
PSTM methodology employed [3] to process and interpret 
the 3D seismic volume. The depth migrated images of the 
subsurface have implications for better understanding and 
interpretation of structures particularly benefitting the oil 




I am thankful to Paradigm Geophysical, Mumbai for 
providing Echos and Geodepthsoftwares to carry out 
research work at the Department of Earth Sciences, Indian 
Institute of Technology Bombay. 
 
REFERENCES 
[1] Furniss, A., “An integrated PreSDM workflow using model-
based velocity estimation and refinement” Geohorizons, 
July2000. 
[2] Maurya, S.P. and Singh, K.H., LP and ML sparse spike 
inversion to characterize reservoir: A case study, 77th EAGE 
Conference and Exhibition, Madrid, Spain, 2015a. 
[3] Maurya, S.P. and Singh, K.H., Estimation of Seismic 
parameters from pre-stack inversion, 2nd international 
conference on computational and experimental sciences and 
engineering, Antalya, Turkey, 2015b. 
[4] Stuart, F.et. al, “Becoming effective velocity model builders 
and depth imagers”, The Leading Edge,  Dec2002.  
[5] Yilmaz, O., “Seismic Data Analysis, Vol-1& 2 (Text), SEG 
Publication, 2001. 
[6] Kavitha, A.et.al, “PreStack Depth Imaging using Model Based 
Velocity Estimation and Refinement - A case history from the 
East Coast of India”, 2010. 
[7] Sinha, D.P., “Earth velocity estimation–Bridge the gap of 
interdependency between geology and geophysics”, SEG 
Honorary Lecture South and East Asia, 2013.   
[8] Vishnoi, D.K. et. al, “Depth-Interval Velocity Model Building 
using 3D-Coherencey Inversion & Prestack Depth Migration - 
A Case Study”, 2004. 
[9] Soazig Le Begat. et. al, “Velocity model estimation for depth 
imaging : Comparison of three tomography methods on a real 
data set”, 2004. 
[10] Moritz M. Fliedner. et. al, “Depth imaging velocity estimation 
by layer-stripping Dix update and dip-constrained tomography 
in a compressional tectonic regime”, 2003. 
[11] http://wiki.seg.org/wiki/Open_data.  
PSTM 
PSDM 
GSTF Journal of Geological Sciences (JGS) Vol.2 No.1, 2015







Pradeep Mahadasu, is a doctoral student at Department of Earth 
Sciences, Indian Institute of Technology Bombay, India. He received the 
Master of Technology (M.Tech.) degree in Geoexploration from IIT 
Bombay, India in 2012 and the Master of Science (M.Sc.) degree in 
Geophysics from Andhra University, India in 2010. Before pursuing his 
doctoral degree, He has worked as Geophysicist in Oil and Gas 
Company for 2 years. His research interests are in the area of subsurface 
imaging and reservoir characterisation. 
 
 
Dr. Kumar Hemant Singh, is an Associate Professor at Department of 
Earth Sciences, Indian Institute of Technology Bombay, India. He 
worked as an Associate Research Scientist at UMBC, Baltimore (2009-
2011) and as Postdoctoral Fellow (NPP) at NASA Goddard Space Flight 
Centre (GSFC) and ORAU (2007-2009). He was a Lecturer at the 
University of Leeds, UK in 2006. He did his Ph.D in 2003 from Freie 
University, Berlin and worked as a Postdoctoral fellow at the 
GeoForschungsZentrum Potsdam, Germany. His research interests are 
Geophysical imaging of subsurface, Petrophysical data evaluation for 
reservoir characterization, Modelling and Interpretation of lithospheric 
magnetic field models. 
GSTF Journal of Geological Sciences (JGS) Vol.2 No.1, 2015
©The Author(s) 2015. This article is published with open access by the GSTF
64
